Abstract For the first time, unfocused Chitosan nano ZnO composite film was prepared by a simple one pot procedure. The novel composite materials were ably characterized by various physicochemical methods. Dielectric and conductivity features of composite materials were analysed. The result showed that both dielectric constant and conductivity values were improved when nano ZnO was incorporated. The potential applicability of composite films to perform as an efficient antimicrobial packaging material was evaluated. Antimicrobial analysis showed that all composite films exhibited enhanced antimicrobial efficacy as compared to pure chitosan film and it is linearly related to the amount of ZnO particles in the matrix. 
Introduction
The exploitation of biodegradable and environmentally benign Chitosan films has been increased due to the concerns over the environmental issues developed by the disposal of synthetic polymer (Xu et al., 2005) . Researchers have greatly focused on Chitosan as an alternative to petroleum derived polymer films owing to its unique properties that are available from renewable sources, biodegradability and the ability to form excellent films (Bourtoom and Chinnan, 2008) . Recently, Chitosan films have been fabricated as a protective food packaging material (Martı´nez-Camacho et al., 2010) , but its wide application has been limited owing to inadequate mechanical and antimicrobial properties. The higher water vapour permeability makes the Chitosan film an awful choice for moisture sensitive packaging applications. Hence, further modification of bare Chitosan film is inevitable for the industrial exploitation of this gifted biopolymer. Since, Chitosan is blessed with a very large number of pendant groups such as ANH 2 and AOH, it can accommodate new functional materials in its matrix paving the way for enhanced properties (Dutta et al., 2009 ).
In the current scenario of biocomposite research, hybridization of Chitosan with different nano materials has been attracted great attention of researchers. Recently, various types of Chitosan nanocomposites have been synthesized with different types of nanoparticles (Chen et al., 2008; Dehnad et al., 2014; Jiang et al., 2012 Jiang et al., , 2009 Tripathi et al., 2011; Zhu et al., 2009 ). However, till date a few researchers have reported bionanocomposites of Chitosan with Zinc oxide particles. Nano ZnO is a versatile semiconductor material and applied in solar cells, photovoltaic devices, batteries, biosensors and antimicrobial materials (Salehi et al., 2010; Yan et al., 2011; Zhang et al., 2008) .
Aim of the present work was to synthesize Chitosan-nano ZnO films by adopting a simple and one pot procedure, which will contribute to the developments of bionanocomposites and can be used as a potential candidate for antimicrobial packaging purposes as well as dielectric materials. The highlights of this process include utilization of renewable resources, one pot procedure for synthesis and simple solcast method to prepare films.
Experimental

Materials
Chitosan with 85 per cent degree of deacetylation was purchased from Sigma Aldrich Co., Ltd (USA). Acetic acid, Sodium hydroxide and Zinc acetate dihydrate were obtained from Merck (Germany). Mineral salt broth and Nutrient agar were purchased from Himedia Chemicals (Mumbai, India). Two bacterial strains Escherichia Coli (E. coli, MTCC737) and Staphylococcus Aureus (S. aureus, MTCC 1687) were cultured in the Microbiology Laboratory, Department of Life Sciences, University of Calicut. Deionized water was used to prepare all solutions. All the chemicals were analytical grade and used without further purification.
Preparation of films
Chitosan nano ZnO composite films were prepared by solution casting technique. Two grams of Chitosan flakes was dissolved in 100 mL of 2% (v/v) aqueous acetic acid using ultra sonication for 2 h at room temperature. Subsequently, 2 g zinc acetate dihydrate was added into this solution and the reaction mixture was again sonicated for 1 h to dissolve all zinc acetate molecules. To obtain even films, 25 mL of the viscous mixture was casted in a circular glass dish and dried at room temperature. Glass plates with dried thin films were immersed into 0.2 mol L À1 sodium hydroxide solution for wet phase separation. After coagulation, solidified films were kept in a constant temperature oven at 60 ± 0.2°C for 4 h. The resulting nanocomposite films (C-2) were then washed with methanol for three times, and dried in an oven kept at 60 ± 0.2°C. Three more nanocomposite films were prepared by adopting same procedure with different quantity of zinc acetate (1.5, 1 and 0.5 g), named as C-1.5, C-1 and C-0.5 (Fig. 1) . A pure chitosan film was prepared without zinc acetate and named as C.
Characterization of films
FT-IR spectra of the films were calibrated using an Attenuated Total Reflection (ATR) Technique (Model, PerkinElmer Inc. USA), and X-ray diffraction (XRD) patterns of samples were obtained in the scanning range of 20-75°by X-ray diffractometer (Model: Rigaku Miniflex 600 diffractometer) with Cu Ka radiation (k = 0.15406 nm). Thermo gravimetric analysis (TGA) of films was performed (Model: TGA/DTA 851e) to investigate the thermal stability. During the analysis each sample was heated from 25 to 800°C at a scanning rate of 2°-C min À1 under a dynamic nitrogen atmosphere. Surface morphology of samples was observed by scanning electron microscopy (SEM) (Model: Hitachi SU-6600 FESEM), when the measurement samples were sputtered with a layer of gold to prevent the charging effect.
Measurement of mechanical properties
Mechanical properties of films were evaluated by Instron Universal Testing Machine (Model-3345), at a test speed of 1.0 mm/min at room temperature (23-27°C). Specimens were taken in dumbbell shapes for the analysis. The values of tensile strength (TS) and percentage of elongation at break (%E) were reported as the average of three replicates.
Water vapour transmission rate
The water vapour transmission rate (WVTR) of films was analysed according to ASTM E96-95 method with required modifications. Circular Plexiglass cups with inner diameter 35 mm and height 45 mm were chosen for the analysis. 25 mL of distilled water was taken in each test cup and cup mouth was sealed perfectly by films having uniform thickness. The distance between water level and the film was 20 mm. The effective area of water transmission through the film was 961.26 mm 2 . All the assemblies were placed in desiccators at 25°C containing small lumps of anhydrous calcium chloride. The amount of water vapours transferred through the films was measured as the mass loss of the test cup at a time interval of 1 h. Water vapour transmission rate (WVTR, g h À1 m À2 ) was obtained by dividing the slope of the graph (weight loss of test cup versus time) with the area of the film (m 2 ). The experiment was repeated three times and average of values was reported.
Antimicrobial property
The antimicrobial activity of films was evaluated against two different pathogens: gram negative bacteria Escherichia Coli (E. coli, MTCC 1687) and gram positive bacteria Staphylococcus Aureus (S. aureus, MTCC 737) by Colony Forming Units (CFU/gm) method. The test organisms were grown in a Nutri- ent Agar Broth media at 35-37°C for 24 h, a period of time sufficient for the growth of microorganisms. One millilitre (mL) of culture was diluted with 99 mL of the same broth. 10 mL of this diluted media was taken separately in five different dishes having a diameter of 50 mm and previously autoclaved rectangular pieces of films (20 Â 20 mm) were introduced separately into the dish. The dishes with films were shaken gently at 50 rpm at room temperature for 24 h. One milliliter of culture was taken out and diluted serially to count the number of colonies.
Dielectric properties
The dielectric properties were determined at room temperature using an impedance analyser. The impedance was measured using a fully automated instrument (HOIKY 3532-50 LCR HI-Tester). The dielectric constant and AC conductivity were calculated from the measured data using the thickness of the film.
Statistical analysis
All experiments were repeated in three times and average values with standard errors were reported. Analysis of variance was conducted and differences between variables were tested for significance by one-way ANOVA with Tukey's test using software originPro8 (Origin Lab corporation). A statistical difference at P < 0.05 was considered to be significant. Fig. 2a represents the FT-IR spectra of pure Chitosan. It exhibited a broadband at 3322 cm À1 which can be indexed to the stretching vibrations of pendant groups such as ANH 2 and AOH on the Chitosan. The band at 2872 cm À1 corresponds to the asymmetric stretching vibrations of ACH 2 A groups of Chitosan chain. Stretching vibration of C‚O and CAN groups in Chitosan is responsible for the bands at 1564 and 1370 cm À1 . The band obtained at 1014 cm À1 arises due to the stretching vibrations of ACAOACA linkages (El. shafei and Abou-Okeil, 2011; Brugnerotto et al., 2001) . It is seen the spectra of pure Chitosan showed the low intensity bands which can be attributed to insufficient contact between the film and the crystal surface (Li et al., 2010b) .
Results and discussion
FT-IR
The IR spectra of composite films are shown in Fig. 2b -e. The incorporation of ZnO has greatly modified the IR spectra. It is evident from the spectra that the width of the bands corresponding to ANH 2 and AOH groups is inversely related to the amount of ZnO particles in the Chitosan matrix. This can be accounted by the reduction of hydrogen bonds between ANH 2 and AOH groups with the incorporation of ZnO particles onto the Chitosan matrix (Ibupoto et al., 2013) . As compared to IR spectra of pure Chitosan film, considerable shift in the position of bands towards lower and higher wave number region is clearly visible in the IR spectra of composites (Table 1 ). This confirms stronger interaction between the functional groups and ZnO particles. The incremental increase of intensities of IR bands at 3349, 2866, 1577, 1370, 1027 cm À1 , is the indication of formation of coordination bonds between various groups of Chitosan and Zn 2+ ions of nano particles; hence, it was concluded that ZnO particles will be located in between chitosan chains connecting through the functional groups (Perelshtein et al., 2013) .
XRD
The XRD patterns of pure Chitosan and composite films are depicted in (Padmavathy and Vijayaraghavan, 2008; Prabhu and Rao, 2014; Sarma and Sarma, 2014) . The average particle size of ZnO crystallites was calculated using Scherrer equation, each composite film comprised of different sized nanoparticles i.e. C-0.5, C-1, C-1.5 and C-2 have particle sizes of 6.5 nm, 28.3 nm, 9.66 nm and 7.73 nm respectively. The XRD pattern of pure Chitosan exhibited a sharp peak at 20°, which can be correlated to the semicrystalline nature of Chitosan. The semicrystalline property of Chitosan arises from the compact arrangement of polymer molecules in the presence of strong inter molecular hydrogen bonds (Pawlak and Mucha, 2003) . The XRD pat- Figure 2 The IR spectra of chitosan and nano-composites films. terns of composite films showed an interesting linear relationship between the intensities of major peaks and amount of ZnO nanoparticles. Moreover there was a notable shift in the positions of peaks. The variation of intensities and peak positions is due to the differences in size of incorporated ZnO nanoparticles and also due to the lattice strain developed in the composite because of the presence of nanoparticles (Li et al., 2010a) . Hence XRD data underline the dispersion of crystalline ZnO nanoparticles on the Chitosan matrix.
Thermo gravimetric analysis
Thermal stability of films was evaluated by thermo gravimetric analysis (TGA) and results are shown in Fig. 4 . Thermal properties of pure Chitosan films were already reported and well documented (Aneesh et al., 2007) . As shown in the figure, all films exhibited the same thermal decomposition trend. There was no any weight loss below the 100°C, and the slope between 100°C and 223°C is attributed to the loss of water molecules from the polymer films. In the case of bare Chitosan film, the significant weight loss appeared at 223°C is correlated to the thermal degradation of polymer chains, whereas the onset of thermal degradation of composite films is observed at higher temperature 240°C indicating enhanced thermal stability of composite films. The residual mass percentage of Chitosan and composite films was determined at 486°C and recorded as 26%, for chitosan(C) and 36% for (C-0.5). Three other films (C-1, C-1.5 and C-2) recorded higher residual mass percentage (49%) at the same temperature. In contrast to composite films, pure Chitosan film did not show any plateau above 500°C probably due to its complete thermal degradation above this temperature. All these data vindicate enhanced thermal stability of composite films.
SEM analysis
The surface morphology of C, C-0.5, C-1, C-1.5 and C-2 films was evaluated using scanning electron microscopy. In the SEM photographs, presence of nano ZnO particles on the polymer surface was spotted as white coloured images. As shown in Fig. 5a , the surface of pure Chitosan film is rather smooth, compact and homogenous, whereas in composite films ( Fig. 5b-d ) the incorporation of nanoparticles modified the Chitosan surface to coarse and heterogeneous. In the SEM images of composite films, agglomeration of nanoparticles was observed and the mode of distribution of nanoparticles was different in different films. The image of C-1 film exhibited the distribution of equal sized clusters of particles throughout the surface but high degree of agglomeration of nanoparticles was observed in C-2 films. These nanoparticles were strongly adhered to the chitosan matrix and modified physical and chemical features of chitosan.
Mechanical properties measurement
The wide range of applicability of any film as a packaging material is significantly pertained to its mechanical properties such as tensile strength and elongation at break. According to previous reports, mechanical properties of Chitosan based films are affected by different factors such as degrees of deacetylation, molecular weight, amount of chitosan and fillers (Devlieghere et al., 2004; Zuo et al., 2013) . The fashion of change of tensile strength (TS) and elongation at break (EB) is given in Table 2 . Bare chitosan film exhibited TS and EB values of 12.84 ± 0.62 MPa and 30.42 ± 0.95% respectively. The variation of tensile strength of composite films with the amount of ZnO particles is quite different. The values of TS increased initially, attained a maximum value at C-1 film and set to decrease. Yet all composite films maintained higher TS values as compared to bare Chitosan films. The enhancement of TS of composite films is explained as follows. When nano ZnO particles are incorporated, they exist in between polymer chains and an intermolecular cross linking effect is generated. This observation is inconsistent with FTIR and SEM analysis.
In the case of EB, when nano ZnO particles are incorporated a reverse trend was observed except in C-1. The EB values sharply lowered from 30.42 ± 0.95% in C to 13.36 ± 0.69% in C-2. But C-1 has showcased anomalously higher EB value 32.44 ± 0.52 indicating its distinctive mechanical feature. The characteristic mechanical property of C-1 was again justified by its unique WVTR values and a similar trend was also observed in Chitosan/lignin composite film (Chen et al., 2009) . Figure 3 The XRD patterns of bare chitosan and nanocomposite films.
Water vapour transmission rate
Water vapour transmission rate (WVTR) is the measure of ease of moistures to penetrate and cross any film, which is an important property to be accounted for packaging applications. Excess water molecules inside the pack will lead to undesirable changes in foods, whereas moderate amount of water molecules is tolerable to transfer active molecules from the packaging films to the food surface. Hence, depending upon food and mechanisms involved in enhancement of its shelf life, the specificity of WVTR of a packaging film will be changed. The values of WVTR are given in Table 3 . As shown in the result, all composite films exhibited lower WVTR values compared to bare Chitosan film except C-1. It is found that WVTR of films was inversely related to the amount of ZnO particles. When nano ZnO particles are incorporated in chitosan matrix, segmental motion and porosity in the polymer surface are reduced leading to low water vapour transmission. The exceptionality of C-1 film is attributed to its unique feature as revealed by mechanical property analysis. 
Dielectric property
Dielectric property is the very less exploited feature of Chitosan nano metal oxide composite films. The dielectric property of flexible Chitosan composite materials is technologically inspiring due to many reasons such as cost effectiveness, biocompatibility and processability. It will find applications in new generation actuators, sensors, fuel cells, capacitors and self regulating heaters. Flexible biocompatible films with tunable dielectric property can act as artificial muscle in future medical treatment and are expected to have a major role in the realization of 'smart skins' in medical field (Chiang and Popielarz, 2002; Devi and Ramachandran, 2011; Kondawar et al., 2014; Marroquin et al., 2013) . The dielectric property of Chitosan composite materials depends on various complex factors and it is unexploited. There are only a few reports on dielectric properties of certain synthetic polymer composites (Qureshi et al., 2008) .
The percolation theory is commonly used to explain the dielectric property of polymer composites. According to this theory, gradual addition of metal oxides onto the polymer matrix increases its dielectric values. At a critical amount, a swift in dielectric value will be shown and it is designated as percolation threshold (Pc). The amount of a substance corresponding to this sharp change in dielectric value is considered as percolation value (Zois et al., 2003) . In the present case, all composite films exhibited higher dielectric values compared to bare Chitosan film (Fig. 6) . The enhancement of dielectric properties of composite films is assigned to development of different types of polarizations in composite films. The interfaces of composite materials contain large numbers of defects, which result the unequal charge distributions and pave the way to space charge polarizations when an electric field is applied. When the amount of ZnO particles increases, space polarization also increases in the interface of composite materials leading to enhancement of dielectric values. The continuous decrease of dielectric constant with an increase in frequency is quite common for all dielectric substances. It is well known that, when frequency of electric field is increased the mechanism of polarization cannot be able to follow the change in the electric field and therefore, the contribution of polarization to the dielectric constant will be lowered (Moretro and Daeschel, 2004) .
The conductivity values of composite films were compared to those of pure chitosan film (Fig. 7) . The C-2 film exhibited highest conductivity, whereas pure Chitosan film displayed lowest values of conductivities in all frequencies. The variation of conductivities of bare Chitosan film at different frequencies was negligible but significant changes are shown by the composite films. The smart conductivity exhibited by C-2 films at all frequencies justifies the development of smooth conduction pathway in the presence of nanoparticles. In C2, as shown in its SEM images, a compact and connected array of semiconducting ZnO particles are framed in the polymer matrix leading to continuous carrier way or tunnelling for charges in the composite film (Sharma et al., 2012) .
Anti microbial property
The antimicrobial activity of bare chitosan and against S. aureus and E. coli was investigated by colony counting method. The results of study are given in Table 4 . Control Chitosan did not show any appreciable antimicrobial activity towards both strains when compared to composite films. The investigation also revealed that the antimicrobial activity is linearly related to the amount of nano ZnO particles in the composite films. Hence C-2 is the most efficient composite film against both E. coli and S. aureus. All results hint to the fact that the commendable antimicrobial activity of the composite relays on the presence of nano ZnO particles in the matrix. It is believed that the ZnO nano particles release reactive oxygen species (ROS). The ROS together with Zn 2+ ions attack the negatively charged cell wall and will lead to leakage and ultimately in death of bacteria (Zhang and Xiong, 2015) . Moreover, the addition of ZnO, enhances the positive charge on the amino group of chitosan. This results in easier interaction with anionic components on cell wall and composite films. The decreased activity of all kinds of composites towards S. aureus bacteria is due to the presence of thick layer of peptide glycans in its cell wall (Leceta et al., 2013; Sudheesh Kumar et al., 2012 ).
Conclusions
Four different Chitosan/nano ZnO composite films were synthesized; their physical, mechanical, antimicrobial and dielectric properties of all composite films were evaluated. The mechanical property measurement showcased an enhancement of Tensile strength in the presence of nano ZnO particles. The antimicrobial efficacy of the composite films was significantly improved when nanoparticles were incorporated and C-2 film exhibited highest inhibition efficiency. Enhancement of dielectric constant and conductivity of films were observed when nano ZnO particles were incorporated. Moreover, these properties were linearly related to the amount of nanoparticles. These results justify that the prepared novel Chitosan/nano ZnO composite films will be an elite entrant in area of bionanocomposites.
